Abstract -In the present day Cognitive Radio has become a realistic option for solution of the spectrum scarcity problem in wireless communication. One of the most challenging issues in cognitive radio systems is spectrum sensing concepts, which is considered an extremely well researched topic. In this paper we compare three main classes of spectrum sensing techniques (Energy detection, matched filtering and cyclostationary) analysis in terms of time and spectrum resource consumed required prior knowledge and complexity. We then rank the three classes according to accuracy and performance.
ODAY, wireless communications systems become ever more constrained by availability of spectrum, due to an increasing demand of higher data transmission rates and channel capacity, while the wireless networks are regulated by government policy. Historically, the spectrum bands have been assigned to license holders for long term and over large geographic areas, which led to spectrum scarcity for potential new spectrum users. Such issues can be addressed in wireless networks by using cognitive radio technology even if all spectrum bands are allocated for licensed users. According to the report of Federal Communications Commission (FCC), "A cognitive radio (CR) is a radio that can change its transmitter parameters based on interaction with the environment in which it operates. This interaction may involve active negotiation or communications with other spectrum users and/or passive sensing and decision making within the radio. The majority of cognitive radios will probably be SDRs, but neither having software nor being field reprogrammable are requirements of a cognitive radio" [1] . The majority of cognitive radios will probably be SDRs, but neither having software nor being field reprogrammable are requirements of a cognitive radio" [1] . The FCC report has shown the most of measurement studies obvious that the vast majority of licensed spectrum unutilized across many time and frequency slots [2] . The main idea of cognitive radio technology is to reuse or share the spectrum, which is licensed to the primary users (PU) and then allow secondary User (SU) to exploit and communicate over unused spectrum in precise time and specific location. It is also seeking to maintain efficiency and reliability in spectrum use. Cognitive radio is considered an intelligent wireless communication system which can be aware and learn from the environment and then adapt new states to deal with incoming RF stimuli by making corresponding changes in certain operating parameters (e.g., transmit-power, carrier frequency, and modulation strategy) [2] [3] . This paper is organized as follows. Firstly, the various functions of cognitive radio are presented; Spectrum sensing, spectrum decision, spectrum mobility and spectrum sharing. Spectrum sensing techniques are classified and then advantages and disadvantages are extracted. Finally the comparisons among spectrum sensing techniques are discussed by using six criteria: time and spectrum resource consumed required prior knowledge, complexity, accuracy and performance.
II. 1 B COGNITIVE RADIO FUNCTIONS
CR has been divided into four main functions to provide the capability to use or share the spectrum and to achieve the primary objectives, efficient utilization of spectrum. Also highly reliable communications when and where needed. Fig  1 show the cycle of the cognitive radio as secondary radio system which involve spectrum Sensing, spectrum mobility, spectrum decision and spectrum sharing. [4] Fig 1: Cognitive radio cycle [5] , [6] Spectrum Sensing is main key of CR which senses the radio environment continuously to explore unutilized frequency bands which can be exploit by CR [7] . In addition, the spectrum sensing also is defined by [8] "as the task of finding spectrum holes by sensing the radio spectrum in the local neighborhood of the cognitive radio receiver in an unsupervised manner". Consequently, the main goal of spectrum sensing is to give more opportunities to CR users whose can temporarily access over the unoccupied spectrum for transmission without interference to the licensed (primary) users. Spectrum Decision is an operation that based on the spectrum sensing which provides sensing information to cognitive radio, operating frequency and its corresponding technical parameters. To enhance the satisfaction of quality of service without causing excessive interference the CR can be used data from policy database. Therefore, the CR networks need to decide which suitable spectrum bands can be used by secondary user. This process will implement by spectrum decision [3] , [4] , [9] . Spectrum Mobility -The definition of spectrum mobility in this paper is suggested in [3] as: "maintaining seamless communication requirement during the transition to better spectrum". Furthermore, to implant this process, the spectrum mobility in CR networks is divided into two parts, spectrum handoff and connection management. The spectrum handoff means transfer continuous data transmission from current spectrum to unused spectrum. As a consequence due to PU arrival, hence the SU should leave the licensed spectrum immediately. Thus, the handoff process yielded to transmutation delay. Consequently, the connection management will manage and adjusts protocol stack parameters to compensate handoff delay [10] . Spectrum Sharing -Wherein, the spectrum holes can be used by a number of secondary users, A key challenge of the cognitive radios (CRs) is how to "achieve balance between its self-goal of transferring information in efficient way and altruistic goal to share the available resources with other cognitive and non-cognitive users" [4] . Hence, it can be said, Scheduling of using spectrum holes among CR users will contribute to prevent excessive interference to primary users and between secondary users.
A cognitive radio networks is created intelligently to be monitor and aware to the changes in its surrounding sensitively, which makes spectrum sensing a vital task among other CR tasks. Spectrum sensing is facing a number of challenges to apply sensing methods; these challenges are represented in some factors that have negative impacts on spectrum detection [3] . Firstly, signal-to-noise ratio (SNR) might be very low detection. Secondly, there are two issues of wireless channels that make the spectrum sensing is complicated, time dispersion and multipath. Finally, the noise power might be uncertainly to detect the holes in the spectrum band, due to noise level that might change within location and time. Spectrum sensing has widely investigated by vast majority of researchers [2] , [11] . The main challenge of cognitive radio is the spectrum sensing which need to detect spectrum holes in radio environment for secondary users. In [12] , [13] , [14] the spectrum sensing is divided into three various schemes in terms of system performance a full Sensing scheme, which need to sense the target spectrum in each activation, thus all the available spectrums are sensed by CR users to exploit a suitable and available spectrum. Secondary, "a restricted sensing scheme, that users only sense the spectrum in their ideal resource set" [12] . Finally, a minimum sensing scheme, in this case, the users can communicate over the suitable spectrum holes directly without sensing. Nowadays, there are some spectrum techniques already involved in current wireless standards, which have some features of cognitive radio such as IEEE 802.11K, Bluetooth and IEEE 802.22. For instance, the Bluetooth use the adaptive frequency hopping (AFH) to reduce the interference between wireless system, so AFH contain sensing algorithm to decide if there is device present in band or not to avoid them [16] .
III. 2 B SPECTRUM SENSING TECHNIQUES
The various spectrum sensing techniques were proposed to identify the presence of primary user signal and what extent to exploit that single by secondary user when the primary user is absence. The most popular spectrum sensing techniques are classified under three major categories Non-Cooperative detection, Cooperative detection and Interference based detection as shown in Fig 2. A-Non-cooperative spectrum sensing This form of spectrum sensing also known as single-user sensing (or local detection), and occurs when a cognitive radio acts on its own. There are various non cooperative spectrums sensing technique. For e.g., matched filter, energy detection and cycloystationary detection.
B 1-Energy Detection (ED)
The energy detection is a non coherent detection technique, the primary user detection and its statistics does not need any prior knowledge of the primary user signal to determine whether the channel is occupied or not. Consequently, it is considered the one of simplest techniques of spectrum sensing to detect primary user transmitter [2] , [3] , [4] , [16] , [17] . The most advantages of using energy detection, low computational cost, easy implementation, less complexity and does not need any prior knowledge of primary user which depend only on the power of PU signal whether the signal present or absence, these advantages makes energy detection the simplest method to detect primary user signal [3] , [4] , [5] [7] , [17] . In contrast, in this technique the signal detection is depend on comparing power of the received signal to the threshold level, whereas threshold level rely on the noise floor which can be estimated but the signal power is difficult to estimate as it changes relying on two factories distance between primary user and cognitive radio another factor is ongoing transmission characteristics [18] . As a consequence, the selection of an appropriate threshold level caused some drawbacks of the energy detection, threshold is might too low that is makes some noise as primary signal which causing in false alarm. On the other hand, when the threshold is too high, the missed detection will occur because of a weak primary signals will ignore. Therefore the performance of energy detection is depending on the suitable selection of the threshold in the frequency domain. Another disadvantage the accuracy of signal detection is low compared with other techniques [16] , [17] , [19] .
2-Matched Filter Detection(MFD)
Another technique of the spectrum sensing is Matched filter Detection (MFD), which is known as optimum method to detect primary uses when the transmitted signal is known, and also this technique is commonly used in radar transmission [3] , [4] , [17] . In addition, MFD also is considered as a linear filter designed in digital signal processing (DSP) which is used to maximize the output signal to noise ratio for given input signal [2] , [7] , [15] . However, a MFD requires demodulation of the primary user signal effectively, as a consequence, this technique requires a perfect prior knowledge of a primary user which is represented in some signal features such as modulation type and order, bandwidth, operating frequency, pulse shaping and frame format [2] , [16] . The advantages of this method are represented in the following points :Firstly, The detection process requires short sensing time and low number of samples to meet required level of false alarm or missed detection [15] , [20] . Another advantage, it has high processing gain and high accuracy compared with other techniques [15] . Also it is the optimal detection performance [17] . Even though has its advantages, also has some disadvantage, the power consumption of this technique is large in different receiver algorithms witch need to be implemented to detect primary users [16] . Match filter requires a dedicated receiver for every signal type of primary user [15] . Also the MFD needs a perfect knowledge of primary user signal [5] . The implementation complexity of sensing unit is impractically large [16] , [21] . Therefore, the performance of matched filter relies on what extent of the availability of perfect prior knowledge of primary users which lead to increasing cost and more complexity. Consequently, the good performance and high accuracy in the MFD at the expense of cost and complexity that are increased obviously as illustrated in Fig 3.a and Fig  3. b.
3-Cyclostationary Feature Detection(CFD)
Cyclostationary feature detection (CFD) is a method for detecting transmitted signals of the primary user by suing the CFD of the received signals [2] , [3] , [16] . Also CFD method can distinguish among noise and primary user signal at very low signal-to-noise ratio (SNR) values [17] , [22] . In addition, the detection of this method is relies on the inherent redundancy in the primary user transmissions [16] . One of the most advantage, CFD method is represented its ability to identify the modulation scheme [22] . However, CFD needs partially knowledge of the primary user. And also it can be detect the primary user signal at very low SNR value [17] . On the other hand, the CFD takes long time during computation which is considered slightly complex. And also it is the worst when the noise is stationary than energy detection [2] , [4] , [7] . In addition, the cost of this technique is slightly high caused by the partial knowledge which required this method to detect the primary user. Consequently, it can be said, the performance of this technique relies on several factors noise uncertainty, modulation scheme identification and redundancy transmissions of the primary user [4] . Hence, hence the performance improvement of CFD is at the expense of increasing cost and time as shown in the figures 3.a, 3.b.
B-Cooperative Sensing technique
Cooperation is proposed as a solution to problems that arise in spectrum sensing due to noise uncertainty, fading, and shadowing. Cooperative sensing decreases the probabilities of miss-detection and false alarm considerably. In addition, cooperation can solve hidden primary user problem and it can decrease sensing time. In cooperative sensing, several SUs combine their findings to arrive at a more reliable decision. This can be essential in severe fading environments: if the SUs are sufficiently far apart, it is much less likely that they are all in a fading dip. Hence, PMD (and/or PFA) decreases significantly. The final decision of cooperative sensingf can be based on hard decisions (e.g. a majority vote), or on soft decisions (including additional information). There will be some trade-off between the final decision quality, the required processing, and the required communication overhead.
C-Interference based detection
Interference management is important in cognitive radio networks since secondary usage is allowed only if the SU interference does not degrade the PU quality of service below a tolerable limit. In this interference model, each primary receiver has an interference temperature limit that defines how much noise and interference it can tolerate to guarantee certain quality of service. This creates spectrum opportunities for the SUs. Using this model, cognitive radios can measure and model the interference environment and adjust their transmission characteristics such that the interference to PU is not above the regulatory limits. However, major drawback of the model is to measure the interference temperature at the primary receivers which is unfeasible in practice. The FCC has abandoned the concept of interference temperature as unworkable. At the same time, the FCC has also encouraged the researchers to solve the problems related to the interference temperature and make it feasible.
IV. A PERFORMANCE COMPARISON OF DIFFERENT SPECTRUM SENSING TECHNIQUES
In this section we compare the performance of three wellknown classes of algorithms-energy detectors, matched filter, and the Cyclostationary detection. During the comprehensive study of the spectrum sensing techniques, criteria which directly affect performance and accuracy of each technique were discussed. In particular, these aspects for energy detection, matched filtering and Cyclostationary detection are presented in Fig 3.a and 3 .b. A comparison has been made of time, cost, prior knowledge, complexity for each technique (Fig 3.a) and how these aspects impact on the accuracy and performance as shown in Fig 3. b. The performance of comparison has represented in three different values low, medium and high. It can be clearly seen the energy detection has short time, low cost, no prior knowledge and less complexity but correspondingly the accuracy and performance are low because these criteria rely on some factors such as suitable threshold selection and noise stability. It is unrealistic to expect to find these stationary factors in all the times and various places. Whereas, the matched filter technique as illustrated in fig 3. b has good performance and high accuracy but at the expense of increasing the cost, more complexity and requires perfect knowledge to operating these techniques. In contrast Cyclostationary analysis has slightly better performance and possesses higher accuracy than energy detection, but it needs long time, high cost and partial prior knowledge which that make it less complex than the matched filter. Therefore, each of these techniques has advantages and disadvantage where some advantages are at the expense of significant problems which might impact directly on the technique working properly and effectively. Hence, in practice it is necessary to search for an optimum technique which might contain less complexity and high efficiency which is able to adapt its operation to suit prevailing conditions. The overall goal of efficient spectrum sensing is to use the minimum spectrum for the actual sensing task, possibly at the expense of increased processing cost at each terminal. In this section, we have proposed algorithm for the discussed spectrum sensing techniques in the preceding sections. The algorithm computes and compares spectrum sensing techniques based on the probability of detection (Pd) and probability false alarm (Pf). This performance detection is analyzed using (Receiver Operating Characteristics) curves for three different scenario energy detection, matched filter and Cyclostationary detection. Monte-Carlo method is used for simulation. Figure 4 show the probability of detection versus probability of miss detection for three different methods. Simulation outcome of spectrum sensing techniques shows in figure (4) point out that the matched filter is the best among the three techniques. Cyclostationary technique is closest to the matched filter and the energy detection is worst among them. In terms of the required processing, the energy detection is the easiest and it is not requires any prior information.
However, both the matched filter and cyclostationary, on the other hand, require prior information. For instance the matched filter required fully information and cyclostationary required partially information. This is clearly difficult to implement, as well the will be very expensive and very complicate to build in. Figure 5 indicates that when SNR increase to 6dB , all the proposed scheme method has high probability of detection and low probability of miss detection compared with SNR=0 dB in figure (4) . This not good example since it is will increase the complexity of the system. Alternative solution is to use cooperative sensing which reduce the false alarm and increase agility and has accurate signal detection, this will be our research in future work. [23] In his paper result show that the significant improvement in terms of required average SNR for detection. In particularly, for Pd equal to 0.9, local spectrum sensing requires SNR=16 dB while in cooperative sensing with n=10 only need average SNR of 5dB for individual V. CONCLUSION In this paper, we have compared the accuracy and the performance in three various techniques energy detection, matched filter and cyclostatinary by using several criteria such as time, cost, prior knowledge and complexity. It has been found that the performance and accuracy are relies on what extent availability of the prior knowledge for primary user signal. Furthermore, the complexity also increased when spectrum sensing techniques requires more prior knowledge to detect primary user. In contrast, increasing knowledge caused increasing cost and takes long time. Therefore, we need specific technique which might be done in future work by combining the perfect features by using two techniques, whereby possesses minimum prior knowledge of primary user, low cost, short time and less complexity.
